The radiative decay of the axion a → γγ is investigated in an external electromagnetic field in DFSZ model in which axion couples to both quarks and leptons at tree level. The decay probability is strongly catalyzed by the external field, namely, the field removes the main suppression caused by the smallness of the axion mass.
Various extensions of the Standard Model (SM) predict the existence of light neutral pseudoscalars which are the subject of constant theoretical and experimental studies. The axion [1, 2] is the most widely discussed pseudoscalar particle proposed by R.Peccei and H.Quinn to solve a major theoretical problem of CP-conservation in strong interactions. Although the original axion, associated with Peccei-Quinn (P Q) symmetry breaking at the weak scale (f w ), is excluded experimentally, many variant P Q models and their associated axions are of great interest (see, for example [3, 4] ). If the breaking scale of P Q symmetry f a ≫ f w (the latest astrophysical data yield f a ≥ 10 10 GeV ), the resulting, so called, invisible axion is very light (m a ∼ f −1 a ) and very weakly coupled (coupling ∼ f −1 a ). At present astrophysical and cosmological considerations leave a rather narrow window for the axion mass [3, 5, 6 ]:
A survey of various processes involving axion production and astrophysical methods for obtaining constraints on the parameters of axion models is given in [3] . Unfortunately a problem of its possible existence which is very important for the theoretical description of elementary particles remains unresolved. It can be naturally explained by the fact that the axion lifetime in vacuum is very large [3] :
On the other hand, one can get more precise constraints on weakly coupled particles properties with an influence of external electromagnetic fields taken into account. It is also important in some astrophysical and cosmological considerations to take strong external fields (of order the critical, so called, Schwinger value F s = m 2 e /e ≃ 0.44 · 10 14 G) into account. Notice that the decay probability in an external field depends on not only typical kinematical invariants of type m 2 , p 2 , but field invariants |e
as well (here m and p µ are the mass and the 4-momentum of the particles, F µν is the external field tensor, pF F p = p µ F µν F νρ p ρ ). In ultrarelativistic limit the field invariant |e 2 (pF F p)| 1/3 can occur the largest one. This is due to the fact that in the relativistic particle rest frame the field may turn out to be of order of the critical one or even higher, appearing very close to the constant crossed field ( E ⊥ H, E = H ), where (F F ) = (FF ) = 0. Thus, the calculation in this field is the relativistic limit of the calculation in an arbitrary relatively smooth field, possesses a great extent of generality and acquires interest by itself.
In this work we study the double radiative axion decay a → γγ in the external crossed field.
We consider Dine-Fischler-Srednicki-Zhitnitskii (DFSZ) axions [7] which couple to both quarks and leptons at tree level. The corresponding interaction lagrangian has the form:
where g af = C f m f /f a is a dimensionless Yukawa coupling constant, C f is a model-dependent factor, m f is a fermion mass.
A matrix element of a → γγ decay is described by two three-point loop diagrams (Fig.1 ) where double lines imply that the influence of the external field in the propagators of virtual fermions is taken into account exactly. An expression for the matrix element in the external field is:
Here e f = eQ f , e > 0 is the elementary charge, Q f is a relative fermion charge in the loop; q 1 , q 2 and ε 1 , ε 2 are the 4-momenta of the final photons and their polarization 4-vectors, respectively; p is the 4-vector of the decaying axion; (εγ) = (ε µ γ µ ), γ µ , γ 5 are Dirac γ-matrices. The expression for the propagator of a charged fermion in the crossed field S (F ) (x, y) in the proper time formalism has the form:
where X = x − y, m f and e f are the mass and the charge of the intermediate fermion; F µν and F µν = (1/2)ε µναβ F αβ are the tensor and the dual tensor of the constant crossed field; A µ is the four-potential.
Calculations of some processes amplitudes describing by three-point loop diagrams are very complicated 1 and the general expression for the aγγ-vertex has a cumbersome form and will be published elsewhere.
The field-induced contribution ∆M = M − M 0 to the amplitude M (M 0 is the vacuum amplitude) of the ultrarelativistic axion decay (E a ≫ m a ) we have obtained is:
where λ = ω 1 /E a is the first photon relative energy, E a is the decaying axion energy; J is the integral of the Hardy-Stokes function f (η), χ is the, so called, dynamic parameter. Using the standard methods we get an expression for the axion decay probability in the external field:
With the strong hierarchy of fermion masses the contribution of the fermion with the maximum value of the dynamic parameter χ 2 can dominate in (7):
The numerical values of the function P (χ) are presented in Table and asymptotic behaviors for small and large values of the dynamical parameter χ are given:
Let us compare the probability (8) we have obtained with the well known axion decay probability in vacuum [3] :
Here g aγ = (α/2πf a )(E/N −1.92±0.08) [3] , where E and N are the model-dependent coefficients of the electromagnetic and color anomalies. The comparison
illustrates the enhancing (catalyzing) influence of the external field on the ultrarelativistic axion decay (E a ≫ m a ), because W (F ) (8) does not contain a suppression associated with the smallness of the decaying axion mass. Notice that the analogous phenomenon of strong catalyzing effect of external electromagnetic field on rare loop process of neutrino radiative decay was discovered in [8] . For the electron R e has the form:
Here cos 2 β determines the electron Yukawa coupling g ae = 1 3 cos 2 β (m e /f a ) in the DFSZ model. Large values of the dynamic parameter χ ≫ 1, when P (χ) ∼ 1, can be realized, for example, in case of the decaying axion energy ∼ 10 MeV and the magnetic field strength ∼ F s . At present a possible existence of strong external fields F ≥ F s is widely discussed in astrophysics, where strong magnetic fields can take place (a process of a coalescence of neutron stars, an explosion of a supernova of the type SN 1987A).
Note that the expressions for the amplitude (6) and the decay probability (8) can be applied to other pseudoscalar particles with the coupling of type (3), even though these particles are massless. This is due to the corresponding dispersion low in the magnetic field. 
